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The invention is directed to an electrically conductive body of fully dense metal oxide ceramic which has been 
made conductive by incorporation of silver through its thickness. It is also directed to making such a body by 
heat treating the fully dense ceramic with a silver containing material which is placed in contact with the 
ceramic. In preferred forms the ceramic is alumina and/or chromia which can be present as a layer on a sieel 
component. Documents cited and considered are: 
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The attorney has successfully argued that none of the citations disclose the invention as presently claimed. In 
particular the claims now restrict the metal oxide ceramic body to one which is " fully dense". By fully dense 
the material is free of pores or voids and thus essentially impermeable to oxygen at both "low and high 
temperatures. Also the silver needs to be incorporated through the thickness of the ceramic body. Since none 
of the citations disclose the incorporation of silver through the thickness of the ceramic body and that the body 
is a fully dense ceramic, the invention is considered both novel and inventive. It is also industrially applicable 
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The invention is directed to an electrically conductive body of fully dense metal oxide ceramic which has been 
made conductive by incorporation of silver through its thickness. It is also directed to making such a body by 
heat treating the fully dense ceramic with a silver containing material which is placed in contact with the 
ceramic. In preferred forms the ceramic is alumina and/or chromia which can be present as a layer on a steel 
component. Documents cited and considered are: 
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The attorney has successfully argued that none of the citations disclose the invention as presently claimed In 
particular the cla.ms now restrict the metal oxide ceramic body to one which is "fully dense" By fully dense 
the material is free of pores or voids and thus essentially impermeable lo oxygen at both low and high 
temperatures. Also the silver needs to be incorporated through the thickness of the ceramic body. Since none 
ol the citations disclose the incorporation of silver through the thickness of the ceramic body and that the body 
is a fully dense ceramic, the invention is considered both novel and inventive. It is also industrially applicable 
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ELECTRICALLY CONDUCTIVE CERAMICS 



The present invention relates to electrical conductivity in metal oxide ceramic materials and the 
creation of electrical conductivity in a normally non-conductive ceramic material. It has 
application in providing electrical conductivity across a layer of ceramic material. In a particular 
application the layer of metal oxide ceramic is adhered to a metal plate and this has special 
application in components of solid oxide fuel cells. 

Alumina is well known as an electrical insulator and as a material which is physically and 
chemically stable at high temperatures. Its electrical properties are put to good use in many high 
temperature applications where electrical isolation is desired. However, it would be useful in 
many applications to have a material which has the high temperature stability of alumina while 
also having good electrical conductivity. It would be particularly useful if thin layers or sheets 
of alumina or other metal oxide ceramics could be made electrically conductive through the 
ceramic in selected locations. 

It has now been found in one embodiment that the application of silver metal, in any of a variety 
of forms, to the surface of a fully dense body of metal oxide ceramic such as alumina or 
chromia, followed by a sustained heat treatment at temperatures in the range 7502C-970 S C or 
above, can cause the ceramic to develop electrically conductivity, especially in the immediate 
vicinity of the silver. Alternatively, the silver may be applied to a surface of a metal substrate 
on which the fully dense body of metal oxide is caused to form. The conductivity so imparted 
to the ceramic may be a volume effect, that is, the conductivity may be imparted both laterally 
and through the thickness of the ceramic body. The body may be a layer, sheet, film or thin 
plate. However, with a body having a very small thickness, the effect may be principally 
through the ceramic. 

Thus according to a first aspect of the present invention there is provided a body of fully dense 
metal oxide ceramic material which has been rendered electrically conductive through its 
thickness by the incorporation of silver into the material. 

AMENDED SHEET 
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The significant feature of all heat resistant steels is the oxide layer which is formed when the 
steel is exposed to mildly or strongly oxidising conditions at elevated temperatures. They all 
form tight, adherent, dense oxide layers which prevent further oxidation of the underlying metal. 
These oxide layers are composed of chromium, aluminium or silicon oxides or some 
combination of these depending upon the composition of the steel. They are very effective in 
providing a built-in resistance to degradation of the underlying steel in high temperature 
oxidising conditions. 

However, while this feature is used to great advantage in many applications, the presence of the 
oxide layer is highly deleterious to the use of these steels in key components of solid oxide fuel 
cells. These oxides, especially those of silicon and aluminium, are electrically insulating at all 
temperatures and this is a major problem for those fuel cell components which must act as 
electrical current connectors. For these heat resisting steels to be useful for electrical conducting 
components in fuel cells, it is imperative that the insulating effect of the oxide layer be 
alleviated at least in selected locations. 

According to a second aspect of the invention, there is provided a component formed of steel 
having a surface layer of alumina, chromia or alumina-rich or chromia-rich fully dense ceramic, 
said layer having been rendered electrically conductive through its thickness by the 
incorporation of silver into the layer. 

The ceramic layer protects the underlying metal from chemical interactions while the electrical 
conductivity provided by the silver allows it to provide electrical contact with the underlying 
metallic component. 

The silver may be incorporated into the layer as the layer is formed on the steel or after the layer 
has been formed pn the steel. Preferably, the layer is formed by surface oxidation of the steel, 
for example as in the case of a self-aluminising steel. 

For fuel cell and other applications, an advantage of the present invention is that a material such 

as alumina which is universally renowned for its excellent thermal and electrically 
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insulating properties, as well as its chemical inertness, can have one of these three properties 
reversed without impairing the other two. The invention can provide, with alumina, a material 
which is still an excellent refractory material and inert in nearly all environments, but which is 
electrically conductive at least in selected positions. This is of special significance for various 
connections required in fuel cell assemblies. The effect has been found to be durable over long 
periods of time and over the full temperature range required for solid oxide fuel cell operation. 
The invention has been used to advantage to convert otherwise highly insulating alumina coated 
metal bipolar plates to conducting plates which can be used to collect current from operating 
fuel cells. The conductivity can be used as a sole means of current collection or used as a 
safeguard/backup in case a prime current collector mechanism fails. 

The mechanism by which the silver migrates into or occurs in the metal oxide ceramic is not 
fully understood at this time. However, it is believed that the electrical conductivity is provided 
by the silver extending along grain boundaries of ceramic material. Incorporating the silver into 
the ceramic material can be achieved by heating the silver-containing material in contact with 
the ceramic material or with a substrate on which the ceramic material is formed. 

According to a third aspect of the invention there is provided a method of providing electrical 
conductivity through a body of fully dense metal oxide ceramic material including placing a 
silver-containing material into contact with the ceramic material and heating the ceramic and 
silver-containing materials in contact with each other to at least 750*0 such that silver migrates 
from said silver-containing material into said layer of metal oxide ceramic material and creates 
electrically conductive pathways through the ceramic material. 

The atmosphere in which the method is performed does not appear to be important and is 
conveniently air. The method is conveniently performed at atmospheric pressure. 

According to a fourth aspect of the invention there is provided a method of forming a steel 
component with a heat-resistant and electrically conductive surface layer, said method 
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including selecting a steel which forms an alumina, chromia or alumina-rich or chromia-rich 
fully dense surface layer in oxidising atmosphere, placing a silver-containing material in contact 
with the surface of the steel, heating the steel and silver-containing material to at least 750 a C 
in an oxidising atmosphere to cause said surface layer to form on the steel and to cause silver 
from said silver-containing material to occur in and to create electrically conductive pathways 
through the layer. 

Preferably the steel used in the method of the fourth aspect of the invention has an aluminium 
content of above 4.5 wt % . 

Preferably, the heating step in the methods of the invention is to at least 800 °C, more preferably 
at least 850°C, even more preferably at least 900°C and most preferably at least 950°C. It is 
believed that while the effect of the silver imparting electrical conductivity to the metal oxide 
ceramic material will occur at 750°C, or even less, the rate of the effect occurring is very slow 
at this temperature and increases with increasing temperature. The effect occurs especially 
quickly when the silver is in a liquid state. 

The silver-containing material is preferably at least commercially pure silver, but it may be an 
alloy or otherwise contain selected impurities which are not severely detrimental to the effect 
of imparting electrical conductivity to a metal oxide ceramic material. Such impurities or 
alloying elements may include one or more of the noble metals, Sn, Cu and Ni. 

The silver-containing material may be in sheet, mesh, paste or other appropriate form. The 
silver-containing material may be provided on a substrate of a type which is acceptable to the 
end result. 

Embodiments of the invention will now be described, by way of example only, with reference 
to the Examples and to the accompanying drawings in which: 

Figure 1 is a diagrammatic representation of an experimental arrangement used to 
investigate the nature of the invention; 
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CLAIMS 

1 - A body of fully dense metal oxide ceramic material which has been rendered electrically 
conductive through its thickness by the incorporation of silver into the material. 

2. A body according to claim 1 wherein said thickness is no more than 1 mm. 

3 . A body according to claim 2 wherein said thickness is no more than 1 0 urn. 

4. A body according to claim 1 wherein the material is alumina, chromia or alumina-rich 
or chromia-rich ceramic. 



5. A body according to claim 1 wherein the silver extends along grain boundaries of the 
material. 



6. A body according to claim 1 which is a layer, sheet, film or thin plate. 

7. A body according to claim 6 which is a layer on a substrate. 

8. A component formed of steel having a surface layer of alumina, chromia or alumina-rich 
or chromia-rich fully dense ceramic, said layer having been rendered electrically conductive 
through its thickness by the incorporation of silver into the layer. 

9. A component according to claim 8 wherein the silver has been incorporated into the 
layer after the layer has been formed on the steel. 

10. A component according to claim 8 wherein the layer has been formed by surface 
oxidation of the steel. 



11. 



A component according to claim 8 which is a component for a fuel cell assembly. 

^MENDED SHEET 



PCT/AU99/01140 
Received 27 March 2001 



P:\OPER\PHH\CERAMICaineiiih\-o.dDC-27/H3/ll 1 



- 12- 



12. A component according to claim 1 1 which is a bipolar plate. 

13. A method of providing electrical conductivity through a body of fully dense metal oxide 
ceramic material including placing a silver-containing material into contact with the ceramic 
material and heating the ceramic and silver-containing materials in contact with each other to 
at least 750 ° C such that silver migrates from the silver-containing material into the metal oxide 
ceramic material and creates electrically conductive pathways through the ceramic material. 

14. A method according to claim 13 wherein the silver-containing material is at least 
commercially pure silver. 

15. A method according to claim 13 wherein the silver-containing material is an alloy of 
silver. 

16. A method according to claim 1 3 wherein the silver-containing material is provided on 
a substrate. 

17. A method according to claim 1 3 wherein the body of metal oxide ceramic material is 
provided as a layer on a substrate. 

1 8. A method according to claim 13 wherein the metal oxide ceramic material is alumina, 
chromia or alumina-rich or chromia-rich ceramic. 

1 9. A method according to claim 1 3 wherein the silver-containing material is in the form 
of a sheet, a mesh or a paste. 

20. A method according to claim 13 wherein said heating is to at least 800 °C, more 
preferably at least 850 °C, even more preferably at least 900 °C and most preferably at least 950 
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21. A method of forming a steel component with a heat-resistant and electrically conductive 
surface layer, said method including selecting a steel which forms an alumina, chromia or 
alumina-rich or chromia-rich fully dense surface layer in oxidising atmosphere, placing a silver- 
containing material in contact with the surface of the steel, heating the steel and silver- 
containing material to at least 750 °C in an oxidising atmosphere to cause said surface layer to 
form on the steel and to cause silver from said silver-containing material to occur in and create 
electrically conductive pathways through the layer. 

22. A method according to claim 2 1 wherein the steel has an aluminum content of above 4.5 
wt%. 

23. A method according to claim 21 wherein the silver-containing material is at least 
commercially pure silver. 

24. A method according to claim 2 1 wherein the silver-containing material is in the form 
of a sheet, a mesh or a paste. 



more 



25. A method according to claim 21 wherein said heating is to at least 800 °C, 
preferably at least 850 °C, even more preferably at least 900 °C and most preferably at least 



950°C. 
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